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A RIG POR TESTING THE SOFT SOIL PERFORMANCE OF TRACK SYSTEMS

E B MACLAURIN
MVEE CHERTSEY SURREY ENGLAND

INTROLUCTION

¥
For a given level of performance the track and suspension systea of a

silitary tracked vehicle must be as light and compact as possidble to
naximise weight and volume available for crev and payload (armour
protection, veapon and communication systems, smmunition, fuel, etc).
Although track systems have been used on military vehicles for some seventy
years sethods for predicting their performance in soft soil - and actual |
perforasnce messurements - are limited and, even with its shortcomings, 3
the nominal ground pressure tera®*‘remains the performance comparator most
commonly used by vehicle designers. This is partly because of the

complexity of devising, proving and using improved methods and partly

because military vehicle testing and training areas tend to be on sandy
frictional soils where tracked vehicles rarely exhidit mobility prodlems. +
Operational areas are likely to include silty and clay soils vhers }
differences in track system design will affect performance to a much

greater degree. If an improved track/eoil model was available overall
sutomotive system performance models could also be improved and designers
would be able to make more rational choices between often conflicting
requirements - for example:-
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- 1increasing the numdber of vheels should improve soft soil performsnce and
aleo reduce sponson height but increase cost and weight.

- {increasing wheel diaseter is likely to improve soft soil performance but
incresse sponson height, weight and cost.

= dincreasing track width should improve soft soil performance and reduce
bush loading but will reduce espace availadle inside the vehicle.

- 1increasing track pitch is likely to improve soft soil perfromsnce and
reduce treck weight but increase the level of vidration due to chordal
action and reduce the life of track bushings.

= 41ncreasing trsck contact leagth is likely to improve straight line soft
soil performance but may increase slewing moments required to steer the
track,

The impoirtant soft sofil performance parsmeters for a military tracked
vehicle are generally:-

- Limiting go/no go soil strength - this defines tha areas of terrein
gonerally sccessidle to & vehicle under particular soil and weather
conditions.

® MGP = vehicle weight/track width x track contact length x numder of
tracks,
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- Tractive rolling resistance - the lower this 1s the grester the
potential speed and renge of & vehicle. Rolling resfetance is usually
considered divided betwveen internal and external components - the
i{nternal being the proportion due to sprocket engagement, pin, dbearing
and seal friction, rubber hysteresis losses (road wheels, 1dlers,
bushes, pads, return rollers), horn rubbing etc., and the external
component due to work done in soill deformation.

- Net traction is required to enadle a vehicle to climd gradients,

accelerate and, for a skid steered vehicle, to steer although the
straight line traction considered here will only give & comparative
fodication of traction required to steer a vehicle. The development of
external traction (or drawbar pull) is important for toving dead
vehicles, dbulldozing, nine clearing, etc.

-~ The development of high tractive efficiency under traction conditioue
is important in that it affects vehicle acceleration and speed on
qradients dut is not as important for overall fuel efficiency as on,
for example, an agricultursl tractor used for ploughing.

SOTL/TRACK SYSTEM PERFORMANCE WODELS

A number of theoretical, semi-empirical or totally empirical models of
soil/tracked vehicle performance exist although details of validation
tests with soet of these sodels are generally eperse. They {nclude:-

1. The WES VCI method (Ref 1) which is s totally empirical method based
on in-soil measurements of vehicle performance. Cone Index (CI), or
Rating Cone Index (RCI), s used for describing soil streagth. The
msethod applies to cohesive fine grained soils and the first stage
in using it fe to compute a Mobility Index (M1) from vehicle
parassters. In eesence MI takes the form

e S0 L)
w 3 ' W

vehicle weight (1df)

track width (ins)

leagth of track on ground (ims)
total number of road wheels
track pitch (ins)

depends on vehicle weight

T B RTR
s 000

Various other correcting factore for ground clearance, power/weight
ratio, tranemission type etc., are aleo i{ncluded fm MI but have a
relstively small influence on its value. The second term looks
promising in that it hse units of pressure end appesrs to sake
allowence for the pesks of pressure which occur under roed vheels.
The firet tera however has the rather inappropriate uaits (for a
cohesive s01l/vehicle model) of specific weight and sppears to give
undue benefit to wide trecks. 1f figures for & typical heavy armoured
vehicle are inserted into the relationship we get

NI = 100 +?



f{.e. the first term with {ts rather unsatisfactory form is by far the
dominant one. The limiting go/no go soil strength VCI (Vehicle Cone
Index) can then be estimated from an empirical relationship and {s
spproximstely proportional to MI., Drawbar pull and rolling
resistance in soil of a particular strength can be estimated from
simple relationships based on 'excess' RCI (actual RCI - VCI).

The Bekker method (2) uses the well known two part Bevameter
instrument to measure soil values. A plate sinkage test is used to
simulate vehicle sinkage and predict rolling resistance. A ring
shear test {s used to simulate and predict gross traction. Net
traction is computed as the difference between gross traction and
rolling resistance. The track is assumed to act ae a rigid flat
plate which msy be reasonsble for a crawler tractor with closely
spaced wheels but is unlikely to be so for the usual type of military
vehicle sprung track system. Although some impressive looking
predictive equations have been published, details of validation
studies of the method are limited. !

-

The method is now being coneideradly extended dy Wong (3) who sttll
uses the basic bevemeter instrument for measuring soil properties but
in 8 vehicle msounted form with sutomatic data processing. The
pressure sinkage relationship under repetitive loading and the slip
sinkage characteristice of the terrain are aleo measured. In
modelling the eoil/vehicle interaction the track is assumed equivalent
to s flexidble and inextensible delt. Positions and diameters of
roadvheels, sprocket, idler and support rollers are specified. Using
the measured soil characteristics a system of equations are set un
for the equilibrium of forces and moments acting on the track system
and for conservation of track length. The deflected shape of the
track and track/soil contact stresses are computed. Only a limited
amount of dsta on validution studies have so far been pudblished but
the system shows promise especially if computer fmplementation is
relatively simple and a range of 'standardised' eoil valuee can de
nade availedle for use de designers. The lack of track link pitch as
a vehicle parameter can be questioned since this has been shown to be
a significant factor (4) as can the assumption that the rosd vheels
are rigidly attached to the body although it would sppear relatively
easy to include suspension deflection effects.

Turnage hse performed some ladorstory teste vith a module:r track rig
(S) in dry sands and nesr ssturated clays. Cone Index was used to
seasure 0011 strength. The track was a belt type with bdolted on
shoes. Track contact length and width, and spacing and number of
vheels could be altered. Most of the test work was with the sands
but a prelisinary dimensionless prediction term for clays was also
suggested in the fore

CId (w )0.5 v e Total load on track
1Y) (Vmax) Waax = Load to cause bogles to
bottom out on suspension




fe CI (W )0.3

NCP  (VWmax)

(N )05

(Vaax) 1s apparently a term to allov for the effects of load
concentrations under the wheels but its derivation is not easy to
follow.

S. In 1972 Rowlend evolved the mesn maximum pressure (MMP) term (4)

P = 1.26W d = dismeter of road wheels
n 3 e = ratio, sctual ares of
track link/nominal ares,
pb-

wvhich correlated well with measured in e0il pressure peaks under

road wheels. Rowland poetulated that MMP would be expected to

give a guide to the soft eoil bdehaviour of tracked vehicles and .
showed that it wvas linearly related to limiting go/no go soil f
strength (CI or RCI) im clay aad organic soile. He also produced

a relationship for external rolling reeistance in clay soile (6)

1.98
c (eer)
ae = 0.28 (c1) wvhere CP e coefficient of
external rolling resistance

c
and further hypothesised that could be used as s describding
sobility number for track systess asd in the form
N e 2.8 (g_)'-" could be cosparadle to the WES
¢ (C))
poeumatic tyre mobility sumbers and their predictive performance
relationshipe (7).

THE MVEE MOSILE TESTER

A prime requirement of this investigation wes some means of obdtaining
accurate in soil performance messurements for a variety of track systes
configurations. It was decided that a modile tester of the type used
by NIAE sad others was the most adaptsble and coet effective way of
obtaining this information. Lsborstory scale model testing cen give
useful {aformation but would still need to bde correlated with full
scale testing. TPull scale lsdoratory teetiag in soil pits presents
foraidable problems of soil processing especially with clay soile end
has now been sbandoned st NVEE. There are various experimeantal
difficulties vith using a vehicle to measure {a soil performance -
coatrolling slip for example ~ and extensive modifications would de
required to fit different track systeam configurations to the vehicle.

The MVEE mobile tester (Fig 1) {s based on a cravler chaseis to eaable
it operate effectively in weaker soils and is capable of testing wvheels {
(8) se well as the modular track rig described here. The track rig ia
carried in an arch frase and connected to the tester by parallelogrem
linke which can aleo 11ft the rig clear of the ground when
manoeuvring. Rydrostatiec drive motors are sccommodsted within the
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track rig and are connected to the track sprockets via roller chains. The
track rig is normally freely pivoted in pitch to simulate straight running
of a two track skid steered vehicle although pitch restraint can be applied
to the rig to sim:late certain types of articulated, wagon steer and half
track vehicle. The position of the rig to frame pivot point can be
adjusted to model different c.z. positions and 'traction centre’' heights.

The track rig is 3.2 m from idler to sprocket centre with a nominal
dimension of 2.0 m between front and rear wheels. The maximum road wheel
size {s 0.6] m 418 and 2, 3 or 4 of these can be fitted. Up to eight
0.25 m dia wheels can be used., 0.36 m and 0.4) m dia vheels can also be
fitted in varfous 2, 3, &, S and 6 wheel configurations. A variety of
l1ink tracks up to a maximum width of 0.6] m cen be used. A simple band
track is also availabdle.

The wheels are carried on pivoted balance besms to sccommodate terrain
roughness. When the rig was designed consideration was given to the use of
an individual vheel sprung suspension but space was not available in the
rig to sccommodate the springs and the wide renge of individual wheel
loadings would have required s range of springs of various rates. The use
of load equalising balance beamns is a reasonsble compromise - compared

to & sprung suspeneion weight transfer is rescted between a forward set of
equally loaded vheels and s rearward set of equally losded wheels. With a
sprung suspension weight transfer is generally proportional to the distance
from the 'spring centre' (usually nesr the centre of the vehicle) and
spring deflections will also alter the approech and departure angles of

the track. The rig can be turned round to provide a forward or rear drive
sprocket and approach and departure angles can be adjusted. Total ground
load can be varied by means of ballest weights between approx 25 kN and

59 kN,

Tractive forces from the rig are measured by a pair of horizontal
transducers. Sprocket torque is measured dy a strain gauged shaft within
the sprocket hud which carries torque between the chain sprockets and track
sprockets. Signals are fed out via slip ring boxes. Sprocket speed is
measured by a toothed ring and inductive pick up within the hub. Although
other methods have been used forward speed {e¢ now measured by a toothed
ring on the tester sprocket, tests having shown tester track slip to de
very ssall under most conditions.

EXPERIMENTAL PROCEDURE

Por the trials reported here the rig vas used in its rear drive
configuration with the external pivot point at mid-wheelbsse end at »
height above ground to give approzimately the same ratio of traction centre
height to wvheelbsse as c.g. height to vheeldbase on a typical tracked
arnoured vehicle. Tests were generslly performed at a vertical load of

55 kN slthough some tests were run at half this load. The following track
system configurations wvere uged:




No of wheels | Dia of wheels Track (eee Fig 2)
Type | width, b | pitch, p | Ares ratio, e
8 0.254 A 0.343 0.117 0.831
4 0.610 A
| ol 0.34) 0.117 0.831
(o 0.34) 0.230 0.831
D 0.425 0.116 0.672
4 0.288 0.116 0.814
0.432 A
]
0.25 A
2 0.610 A

* Track A less rubder pads.

All tracks rubder bushed except track C which {s dry pioned.

Tests were performed by the progressive slip method. The track speed vas
held nominslly constant and the parent vehicle speed varied to give a
range of elipe from approx -20T to +100% with slow transition through the
fmportant -3 to +)0X slip region. Messurements of net thrust, sprocket
fnput torque, eprocket speed and forward speed were recorded on sagnetic

t.”.

Rune were made at two, (eometimes three) track tensions, with at least 12
rune per track configuration.

Soil streagth messurements were msade by cone penetrometer - at least 6
messurements per run - vith a concentration of measurements in to
0 to 202 olip region. In rut messurements were also made.

Analysis

The magnetic tape recordings were played via filters sad A/D converters
{ato a computer for anslysis and graph plotting. The tractive effort
recordings were correc®ed for tester longitudinal acceleration. Groses
trection P, net thrust or traction Py, tractive rolling resistance Ry,
tractive cguclncy n, and slip s were computed as follows:
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p = T vhere T = sprocket torque
G r r = effective sprocket radius

na= Prv vhen v = forward speed
Tw w = sprocket angular speed
= 2?_;1
wr

Pg, Py and Ry were divided by track weight (> give the coefficients of
gross traction (;, net traction Cpr and tractive rolling resistance Cq, C;,
Ct, Cg ond n were plotted againet slip.

RESULTS

Results from two test sites are reported here - both sugar beet fields
after harvesting. Soil moisture content on both sites wvas unsessonadly low
giving compa-atively high soil strengthe.

Site A

The soil was a very silty medium/fine sand with over 30X silt or clay (USCS
Classification 2M/SC). M.isture content was around 20X giving average cone
index values of around 450 - 500 kP2 in the 0-150 sm layer. Laboratory
triaxial tests on a sample of the surface soil shows it to be mainly
cohesive with some frictional propertiec (f = 9°).

Site B

The soil in this eite wvas a clayey silt (USCS classificatiorn ML/ML-CL) with
at least SOX sfilt or clay. Moisture content vas around 29%. Average cone
index valuas for the 0-150 mm layer were typically around 300 kPa.

Traction Curves

Typical traction curves from both sites are shown in Pigs ) and 4. High
values of grose traction coefficient were obtained at Site A - {n some
cases exceeding 1.2. Traction coefficiente were appreciadle lower for Site
8 because of the weaker soil. A noticesble feature of the curves for

Site A is the considerable increase in rolling resistance which occurs as
traction develops. In some ceees the coefficient of rolling resistance at
20 slip 1e over 3 times its value at the self propelled point. This
considerable increase vas somevhat unexpected and unlikely to be due
increased internal resistance which would be comparatively emall for rubdber
bushed tracks. Por comparison, data for the rolling resistance/slip
relatiorship of wheels was investigated. Rowlend (9) reviewed availabdle
data and euggested empirical relationships:




For pneumatic tyres
cl « (1 4+9)

1.e. Cy proportional to slip and doudbling between O and 100 slip and,
for rigid cylindrical wheels

Cp = (1 = 0.7%)

1.e. rolling resistance actually reducing with slip. No such simple
relationships are apparent for treck systems, the rolling resistance being
a function of craction and the track system configuration.

In a two track skid steered vehicle traction causes weight transfer fros
front to rear depending on the position of the 'traction ceatre', the wheel
and track arrangement and wheeibase. A moving unsprung track system
generally takes up & characteristic tail down pitch angle. At low
traction this {e due to progressive compression of the soil under the
wheels. As traction increases the soil under the resr of the track will be
sudb ject to greater shear deformations due to slip. This will increase the
likelihood of soil failure and extrs sinkage under the rear of the track.
The effect is sometimes referred to as slip sinkage.

With a sprung track system the frame or hull will take up an additional
sngle due to spring deflections. This will be increased by a raised
sprocket (or idler {f front driven) due to the vertical component of track
(gross traction) force. Because ths suspension will generally be
consideradbly more compliant than the sofl this component will also unload
the s0il under the rear wheel and thus increase loading still further on
the adjacent vheele. The effect can be countered on front drive vehicles
by means of so-called compensating {dlers (Pig Sa). With a rear drive
sprocket various arrangements are possible vhich intercomnect a link
between the final drive reduction gear and ths rear wvheel (Pig 5b). The
extrs cost and complication of these arrangements usually preclude their
use although front mounted compensating idlers are quite widely used to
counter vehicle nose dive when bdraking. Conversely eooil offloading
under end wheels msy be beneficial wvhen steering in reducing moments
required to slew the track. An active suspension could be used to
control soil noraal forces under wheels.

In Pig 6 values of Cp are shown plotted against Cy as well as slip for
2, & ond 8 wheel arrangements. It is noticesdle that the incresse in
rolling reeistance is much less marked with the two vheel arrangement
vhere wveight tranefer is proportionately less than in the other
arrangements and where track force does not off-load the rear wvheel
because 1t 1s rigidly attached to the track freme. The increesse in
rolling reeistance thus appears to largely a function of weight
transfer in the track system as traction incresses. See Appendix for
calculation of ground reaction losds.

Comparison of Different Configurations

All the arrangements were teoted at a 'normal' tension (nominally 20%
of weight on track system) and a ‘tight’ tension (nominally 30X of
weight). HRigh tension 1s sometimes thought to improvs performance,
especially in the go/no go region, presumably because of better
‘bridging’ effect between wheels although with sprung systeme it also
incresses the tendency to offload the end wheels and hence increase
loading on the remainder.




Averaging all the results from both sites gives the followving values for

Cr20 and Cgsp

Site A Site B
Normal Tight Normal Tight
Cr20 0.53 0.53 0.29 0.29
Cpsp 0.11 0.11 0.15 0.16

1.e. no significant difference between the pre-tensions.

Similarly one of the tracks was run without rubber track pads (track B in
Fig 2) but again no clear trend was apparent - running without pads showing
a slight increase in traction on one site and a slight decresse on the
other. All the values of coefficient of traction at 20X slip Cyyq,
coefficient of rolling resista e at zero traction (the self propelled
point) Cagp, and the coefficient of rolling resistance at 202 elip Cpyp
vere therefore averaged for each track system configuration neglecting
track tension and the absence of track pads. These average values were
then plotted against the dimensionless terme CI/NGP and Cl/y to see if
efther can be used to adequately descridbe the messurcd data by means of
eanirical curves and form the basis of a simple tractive performance
prediction system.

Cl = average cone index in the 0-150 mm layer

M - v
abe (pd)0-5 ]

The results are shown plotted in Figs 7 and 8.

The CI/pqcp against Cyyg plot (Fig 7a) shows an approxiastely linear 1
relationship although with an sppreciable smount of scatter in the low ]
CI/"; region and with no real indication of a limiting go/no-go value
of Cl/cp. The 8 wheel configuration is seen to perform well as does

the long pitch track (C) at low CI/pcp. The effect of vheel dismeter

is not readily apparent.

The plot of Cl/pgp sgainst Cpgp (Fig 7b) shows lov resistance for the

8 wheel configuration at low CI/pcp and high resistance from the 2 wheel
arrangement. The effects of vhegg dismeter and track pitch are not very
apparent.

The .1/ against Cpyg plot (Fig B8a) shows generally improved collapse of
the data points and there is now an indication of a limiting go/no-go
value of Cl/" although no measurements are available for this region
because of the comparstively firm soil conditions. Again the effects

of vheel diameter and track pitch are not clear snd in particular the
long pitch track appears to ‘underperfora’ with the weighting given to
it in the M relationship. It was slightly unfortunate that on both test
nites the long pitch track was tested on slightly firmer parts of the
sites wvhich makes it difficult to compare performance directly with the
standard pitch track. The two wheel configuration is seen to perform
comparatively well but this 1s probadbly because weight transfer effects
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are compsratively small and there is little rise in rolling resistance
vith traction. A describing curve has been tentatively placed through
the dats points but no attempt has yet been made tv asscridbe any function
to ft.

The Cl/y sgainst Cpgp plot (Fig 8b) shows improved merging of the data
points compared to CI/pzp. Cqp includes both external and internal
components even though CI/y is attempting to describe only the external
resietance. It is difficult to sre how the two components can be easily
separated. The usu.. assumption {s that measuremente of internsl rolling
resistance from ha.d road trials also apply to the off-load condition
although recent tests at MVEE have shown that terrain roughness can
markedly increase ‘nternal rolling resistence apart from the effects of
soil packing fn the track system. All the tracks were rubber bushed except
the double pitch which was dry pinned. The internal resistance of dry
pinned tracks are generally appreciadbly higher than equivalent rudbdber
bushed ones and are also more sensitive to pretension and gross tractiom
forces. Measurements on a vehicle have shown the lov speed hard road
resistance of the double pitch dry pinned track to be approx 0.015 greater
than the standard rubber bushed one (both st normal tensions). The
measured Cpgp data points have therefore been reduced by this smount.

It e planned to use the tester to measure the hard road resistsace of sall
the configurations to see if there are any marked differences betwveen
them.

Fig 9 shows CI/y plotted against Cpap. No particular relationship is
apparent and in nearly all configurations the rolling resistance
coefficient actually increases at higher values of Cl/y due to higher
traction and the effects of weight trinsfer.

Fig 10 shows Cl/y plotted againet peak tractive efficiency Np+ Generally
quite good merging of the data points {s indicated with np not exceeding
75-801 even at high values of CI/y.

CONCLUSIONS

The modile tester vith modular track rig has proved a satisfactory way of
gathering in field tractive performance data for track systems of different
configurations.

The cohestive soil/track mobility number Cl/y shows promise for forming the
basis of a simple tracked vehicle performance prediction system but more
data {s required particularly in the important go/no go region vhere
performasnce can be expected to be more sensitive to differences in track
system configuration. At high traction consideration would aleo need to
be given to weight transfer as affected by traction centre position,
wheeldbase and the departure sngle of the track.
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APPENDIX

rces on ground reaction loads.

Fr=WT(1-Ce B) E fous fon gl

Foe W TN~ Cos8) i s

Congid®’ the & vheel equalising dess arrengement es used on the mobile

tegger Tk rige

expreceed as 8 ratio of verticel loed on

T = gtotic pppck pretension,
asoumed to de aaintained

crock gygtes, end for a rear drive sprocket
oo#eT tpgction conditions.

Rgy. %62 Koy g4 = verticel ground
rolling resis’ nce vill effectively

reaction forces under wvheels.

Since t™ wheels 8T free-rolling,
acg thTONRMh che wvheel centres.

Taxirs "eats sbout A for forces acting on *body’
ween ¢ Vg + T + L = Rgg 20 + VTs
Ry, "HemslCormret-T8)

1
ResolViN vertically for forces acting on vheel &
| PP 41 -m.-!?

———
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Rga = W Coh+(Cc+Td+L-Ta) _y(c +7T) atn 0
i c r

Similarly for wheel 3

Rgy = W(Crh + (Co+ T)b+ 2 - Ta)
at

Inserting the average values of Site A, 0.61m dis wheels, track A/B

Cra0 = 0.5 Lte 0.64m

Ccawc * 0.81 Ql - 30°

h = 0.)30m Te= 0.2

a e 0.47m b= 1.10m
L 0071"

.c‘ = 0.21¥

f.e. Rgy is almost ) times its nominal value and Rgy is slightly less
vith very 1ittle load on vheels 1 and 2.

The inclusion of a compensating sechanisa will introduce a vertical
force between wvheel 4 and the body which can be made some desired
ratio of W (Cc + T) and will increase Rgy and reduce Rgy.

The introduction of suspension springs makes the snalysis more
complicated in that applied forces will ceuse appreciadle deflections
and some form of computer based solution will be required.




Fig | MVEE Mobile Tester with Track Rig

o

1

- -1
T

P A “ ' :
o =

Fig 2 Track Links




0N 0nn
4 ©

FORCE COEFFICIENTS
TRACTIVE EFFY.

-0.2 . o ¥ s 1.0
SLIP

-0.2
4 Wheels 0.6]1 m dia Track D

0.8

s
E

&

FORCE COEFFICIENTS
ol
TRACTIVE EFFY

SLIP

2 Wheels 0.61 m dia Track A

Fig 3 Typical Traction Curves Site A, 2 and 4 Wheel Configurations




™ N
- »

FORCE COEFFICIENTS
n
-

TRACTIVE EFFY.

0
m
+
X
L e —— A At

8 Wheels 0.25 m dia Track A

|

n o0
4 e

FORCE COEFFICIENTS
™
-
TRACTIVE EFFY

2 Wheels 0.6]1 m dia Track A

Fig & Typical Traction Curves Site B, 2 and 8 Wheel Configurations




307

OLER

FRONT DRIVE SPROCKET
LEADING ARM SUSPENSION

DLER
FRONT DRIVE SPROCKET
TRAILING ARM SUSPENSION

PIVOTED FINAL DRIVE

SPROCKET

REAR DRIVE SPROCKET
SPUR FINAL DRIVE

SPROCKET
REAR DRIVE SPROCKET
EPICYCLIC FINAL DRIVE

FIGS FORMS OF COMPENSATING MECHANISM FOR
APPLYING DOWNFORCE ON REAR WHEEL




0 r
M- . B
G 2 WHEELS 0.6t DIA TRACK A
u-
t. X
sLr
X A
—————i—
6 WHEELS 0.25a DIA TRACK A
SITE B
L 1 1 1 1 L i I

42 -0 ’ 0. 02 (&) (X s 06 (,SLP

AT AT 0 M M0 5 G
FIG 6 ‘
COEFFICIENT OF ROLLING RESISTANCE Cy PLOTTED AGANST SLP

& COEFFICIENT OF TRACTION Cy FOR 2 and & WHEEL CONFIGURATIONS
(SITE A) & 2 and 8 WHEEL CONFIGURATIONS (SITE B)




07 o -
06 | -8
a7 e
.Sh
/y
L XY o & Ao~
Crao R -0
03 | /"0
o2 b EACH POINT AVERAGE OF 12 RUNS
o1 |
4 I 1 1 ) 4 'l 1 1 4
o 2 & cul ) % %
) /v
:gLs DA TRAK
o WSk A
o & 269 A
a C
° 0
3 . €
0 0432 A
v a 0.254 A
\ v 2 .60 A
ul‘l
(.s' \\
v
‘A’ \\A\ -
wf 8 ¢ <2
~NaA__
b ={ 1 'l 5 1 1 "
V%t %%
cl
b v
FIG 7

COEFFICIENT OF TRACTION AT 20% SLIP C COEFFICIENT OF
ROLLING RESISTANCE AT SELF mm%m PLOTTED
AGAINST CONE INDEX OVER NOMINAL GROUND mssune e




310
07
8 -
06 I /” 4
o~
-
..S" "// ’
//
W a
Crae 0A°
3| 4/e
v/8 EACH POINT AVERAGE OF 12 RUNS
2F /
/
..1*-,
[ ] { 1 1 1 i 1 A i )
1 2 3 4 S ¢ 7 ¢ 9 %
C
‘/ /"
Ne OF
WHEELS DIA TRACK
o ¢ 0.254m A
) ) .69 A
. b
°
03 r e €
¢ R Ad
\v a 0254 A
\ v 2 ) A
C “I
RSP ‘)!‘
(A o¢ ~u_ 9 .
¢ - A
' 1 'l ) | 'l ' 1 L 'l 1 _4
1 2 3 4 S ¢ 171 8 9 %
a
4
b, "
FIG §

COEFFICIENT OF TRACTION AT 20% SLIP Cpyy AND COEFFICIENT OF
ROLLING RESISTANCE AT SELF PROPELLED POINT Cagp PLOTTED
AGAINST TRACK MOBRITY NUMBER O/,

|
|
|




an

03 } 4
v : o
a v
0.2 + S 2 s
Coe nt®
o1 }
1 1 Il J | 1 1 1 1 'l |
0 2 3 & S 6 1 8 9 W
Cl
N
FIG 9 COEFFICIENT OF ROLLING RESISTANCE AT 20% SLIP C e ',
PLOTTED AGAINST TRACK MOBILITY NUMBER ¢4,
“r
—-- —
ot - - ,"— rass e
0d.”~ EACH POIMT AVERAGE OF 12 RUNS
| tr® o 0F
o kb e 254 A
e v e 269 AeB
’ .3 ! ¥ a C |
' - H |
]
o2 ¢ 432 A
l s 056 A |
0 "| v 2 269 A
l 1 h 1 1 I i |1 1 ;I N}
¢ t 2 3 & S 6 71 8 9 ®

FIG 10 PEAK TRACTIVE EFFICIENCY n, PLOTTED AGAINST TRACK
MOBILITY NUMBER Clr,




